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Abstract:  Lactic acid-producing bacteria metabolism play a key role in the production of fermented 
foods and beverages. Different vegetable substrates are nowadays used to obtain healthy plant-based probiotics. 
We report here a comparative analysis of lactic acid using High Performance Liquid Chromatography (HPLC) 
and by Senzytec Biosensor evaluation, from 6 samples of apple pulps and/or peels, spontaneously fermented for 
7 and 14 days.  
After 7 days of fermentation the quantity of lactic acid is higher, dependent on the substrate, better fermentations 
on pulp-containing samples and on apple variety ( best fermentations on Golden apple substrate). In the second 
stage fermentation (14 days) a general decrease of organic acids (both malic and lactic acids) was noticed, but 
the ratio malic:lactic acid decreased also, comparing with the first fermentation stage. These data indicates the 
preferential consumption of malic acid by lactic bacteria into their metabolic pathways.  The combined apple 
substrate (pulp and peel) proved to be a very good substrate for producing lactic acid. 
The lactic concentrations obtained by HPLC were generally higher than those obtained by biosensor 
measurements. The differences between HPLC values and Tectronik Senzytec Biosensor values of lactic acid 
were nit significant, but dependent on the range of concentrations (from 20 to 200 mg/ml). The biosensor 
measurements are more reliable at lower lactic concentrations.  
    
INTRODUCTION 
 
 Lactic acid fermentation is an anaerobic process by which sugars such as glucose, 
fructose and sucrose are converted enzymatically, to lactic acid and release of energy. During 
homolactic acid fermentation, one molecule of glucose is ultimately converted to two 
molecules of lactic acid. In heterolactic acid fermentation, by an alternative phosphoketolase 
pathway, the products of fermentation are carbon dioxide, ethanol, and lactic acid in 1:1:1 
rations (Kandler, 1983; Ingram et al; 1995).  
Lactic acid, its salt and esters have a wide range of potential uses and are extensively 
used in diverse fields of food, industrial, cosmetic, pharmaceutical industries and agriculture 
 (Fleming, 1982). 
   Lactic acid is an important chemical used as flavour and preservative in the food, 
cosmetics, pharmaceuticals, leather and textile production. The cheap substrate for lactic acid 
production may come from  agricultural wastes containing cellulose and hemicelluloses, 
which can be converted into soluble sugars by chemical or enzymatic hydrolysis and then by   
microbial fermentation to lactic acid. Vegetable and fruit processing wastes contain mainly 
starch, cellulose, soluble sugars and can be used for lactic acid production (Konings et al; 
2000). 
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         High production of lactic acid is normally achieved by selecting suitable microbial 
strains in the process of fermentation. A few homofermentative strains producing only lactic 
acid as main product include Lactobacillus delbruekii, L. casei, L. acidophilus, L.bulgaricus.( 
Hickey et al; 1986). The first bacterium consumes sucrose, glucose or fructose but no lactose 
while the latter three species consume lactose and galactose in addition to the other sugars 
(Chang et al; 1999).  
To evaluate lactic acid concentrations,  different methods are widely applied: the 
enzymatic assay (Noll,1988; Gawehn, 1988), HPLC (Nollet, 2000), biosensor (Baeumner, 
2003) analysis. The accuracy and reproducibility of these  methods are still under discution. 
Our studies aimed a comparative study of three varieties of fresh and fermented apples 
(by spontaneously lactic fermentation) using HPLC and Biosensors analysis to identify and 
quantify lactic acid. 
 
MATERIALS AND METHOD 
 
Apple fruits from different varieties  (table 1) (Red Delicious, Golden, and Jonagold) 
were mashed, weighted (50 g each) and  mixed with water in a w/w ratio of 1:9 and then 
fermented at room temperature (28-32 ºC), from 14 days, collecting samples at 1,7 and 14 
days of fermentation. The samples were in any case centrifuged and the separated supernatant 
filtered on 0.45 µm Millipore filter was submitted in parallel to HPLC and biosensor analysis.  








Table 1. Samples codification of apples varieties and substrates (pulp and/or peels) used in our studies. 
 
   For HPLC analysis, we used initially a pure standard of lactic acid of analytical 
grade, dissolved in sulphuric acid solutions (0.0225M), pH=2, and filtred using a  0.45 µm  
Millipore filter. Volumes of 20 µl  from different concentrations (2 to 200 mg/ml lactic acid) 
were injected into the HPLC column. 
We used an HPLC (Agilent Technologies 1200 Series) chromatograph coupled with  UV-VIS 
detector and an HPLC column HydroBond AQ 5 µ, 21 X 250 mm. The mobile phase was 
sulphuric acid solution (pH 2.0) using an isocratic elution with a flow rate of 1 ml/ min. The 
detection of lactic acid was set at  λ=210 nm. The calculation of the lactic acid concentreation 
was made from the peak area registered at specific retention time for lactic acid, and 
considering the regression curve factor. 
 For total lactic  acid determinations we used Senzytec Biosensor (Tectronik) which 
evaluate separately L- lactic acid and D-lactic acid (in parallel with a standard solution of D 
and L –Lactic acid at 200 mg/ml demineralised water and buffered media) . Duplicate 






Pb 1 Red Delicious Pulp+Peel 
Pb 2 Red Delicious Peel 
Pb 3 Golden  Pulp+Peel 
Pb 4 Golden  Peel 
Pb 5 Jonagold  Pulp+Peel 
Pb 6  Jonagold  Peel 
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RESULTS AND DISCUSSINONS 
 
1. HPLC protocol for pure lactic acid standard solutions and regression curve 
The HPLC chromatogram of pure lactic acid standard solutions in different concentrations 
(from 2 to 200 mg/ml) is shown in Fig 1. The standard curve was then built and the regression 
equation was considered to quantify lactic acid in fermented apple samples. The equation was 
y=0.025 x + 0.003 
 
 








S tandard  acid  lactic  




2 0 0 m g /m l
1 0 0 m g /m l
2 0  m g /m l
1 0  m g /m l
2  m g /m l
 
Fig 1. HPLC chromatogram of lactic acid standard solutions ( 2 to 200 mg/ml) in different concentrations. The 
specific retention times (X) for lactic acid standards range from 4,3 to 4,7 min. 
 
2. HPLC analysis of  fermented apples 
 
Figs.2 and 3 reveals the aspect of HPLC chrometograms for all fermented samples.  
We noticed differences between the samples in first stage (Fig. 2) and second stage of 
fermentation (Fig. 3). All samples contained malic acid ( which shows peaks 1a and 1b in the 
chromatogram) and lactic acid ( peaks 2a and 2b). For lactic acid quantitation we used the 
peak 2a, since the standard contained only one peak.  
The appearance of two peaks for these acids can be explained by their two forms (as 
weak acids, a molecular and a ionized form, the ionized form being more polar and with 
smaller tR values) . The two signals for malic acid  are located at tR=3,6-4,2 (1a) and tR=5,6-
6,2 (1b) and those corresponding to  lactic acid  at tR= 4,3- 4,8  (2a) and tR=7-7.3 (2b).  
Malic acid  was the major organic acid in all samples, excepting some samples ( Pb5), 
and generally is was increased in pulp + peel samples. The ratio malic:lactic acid is around 
4:1 at 7 days of fermentation and decrease after 14 days of fermentation. The samples which 
contained pulp+ peels (Pb1, Pb3, Pb5) were better substrates for fermentation then peels 
samples and had higher intensity peaks of lactic acid. 
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Fig . 2 Comparative chromatogram of Pb1-6        Fig . 3 Comparative chromatogram of Pb1-6 
samples in first  stage (7 days fermentation)      samples in second stage (14 days fermentation) 
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To confirm of presence of lactic acid in samples, we added standard of lactic acid into 
the samples. The chromatograms from Fig 2. ( Pb1co, Pb3co and Pb5co) , shows these 
chromatograms which have more intense peaks at 4,8 min , as a prove of the lactic acid 
addition. These results confirm our supposition that in the samples lactic acid is present 
 
  3. Lactic acid concentrations obtained comparatively at 7 days and 14 days of 
apple fermentation, as determined by HPLC and biosensors 
 
Table 2. includes the mean values for lactic acid , obtained using HPLC or biosensor 
measurements after 7 and 14 days of fermentation.  
 
Table 2.  
Comparative data from HPLC and Biosensor analysis of lactic acid.   
 
We noticed significant differences between the fermentation capacity of apple varieties:  Red 
delicious having lower concentrations of lactic acid (27 and 87 mg/ml), while fermented 
golden variety being richest source of lactic acid (200 to 247 mg/ml). The peel substate , as 
expected, gave always lower concentrations of lactic acid, comparing with the mioxed 
pulp+peel samples. Generally 7 days of fermentation assure a lactic concentration hiogher 
than 14 days , due to the consumption of carbohydrate resource., especially in peels, rich in 
cellulose matrix.  
Generally the lactic concentrations obtained by HPLC were higher than those obtained by 
biosensor measurement. We consider these values were overestimated due to the poor 




Our comparative results considering HPLC and Tectronik Senzytec Biosensor analysis of 
lactic acid resulted from apple-substrates fermentation demonstrate that: 
 
Varieties   
Method  
After 7 days of 
fermentation (Second 
Stage) 
After 14 days of fermentation 
(Third Stage) 
HPLC  85.6 mg/ml 110.4 mg/ml Pb 1 Pulp + 
Peel  Biosensor  77.03 mg/ml 92.12 mg/ml 




Pb 2 Peel 
Biosensor 28.096 mg/ml 39.306 mg/ml 





Biosensor 154.46 mg/ml 115.83 mg/ml 




Pb 4 Peel 
Biosensor 63.654 mg/ml 62.98 mg/ml 
HPLC 155.45mg/ml 66.97 mg/ml Pb 5 Pulp + 
Peel  Biosensor 190.01 mg/ml 122.086 mg/ml 
HPLC 145.45 mg/ml 96.53 mg/ml 
 
Jonagold 
Pb 6 Peel 
Biosensor 173.8 mg/ml 100.07 mg/ml 
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 In the first stage of fermentation (after 7 days) the quantity of lactic acid is dependent 
on the substrate (better fermentations on pulp-containing samples) and on apple 
variety ( best fermentations on Golden apple substrate)  
 In the second stage fermentation (after 14 days)  a general decrease of organic acids 
(both malic and lactic acids) but the ratio malic:lactic acid decrease also, comparing 
with the first fermentation stage. These data indicates the preferential consumption of 
malic acid by lactic bacteria into their metabolic pathways.  
 The lactic concentrations obtained by HPLC were generally higher than those obtained 
by biosensor measurements. The biosensor measurements are more reliable at lower 
lactic concentrations. HPLC measurements induce errors (overestimation of  lactic 
concentration) due to poor separation of  lactic acid peaks. 
Further studies will be focused on the optimization of HPLC separation of lactic acid from 
other organic acids in juice samples. 
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